Abstract. We propose simple distance extraction algorithm for hologram reconstruction in optical scanning holography. By measuring the time-of-flight of the heterodyne beam in optical scanning holography, we can extract the depth information from the object apart by an arbitrary distance. For the timeof-flight, we has constructed the scanning holography and then, we extracted the phase information by using lock-in-amplifier without an additional changes in basic scanning holography setup. Finally, we have reconstructed the reflection-type complex hologram about 10.4mm x 10.4mm object apart from 426mm by this method.
Introduction
The optical scanning holography is one of holography methods for recording threedimensional information of the object. [1] The merits of the optical scanning holography can record the digital holography by using inexpensive single photodiode without the CCD camera and provide the hologram images with speckle free.
The optical scanning holography is obtaining the complex hologram by using pixel-by-pixel scanning the 3D object with that heterodyne beam.
To restore the hologram obtained from the optical scanning holography, we need the focal distance of hologram. To know the focal depth, some researcher proposed the conventional imaging filtering [2] , the auto-focusing technique based on the Wigner analysis [3] , axis transform method [4] , and so on. Unfortunately, these method are time consuming and difficult for real-time reconstruction because of the post-processing of hologram image.
In this paper, we propose the depth detection algorithm to be able to obtain from the time of flight calculation of the interfered beam in optical scanning holography. In order to calculate the time of flight, we measured the phase shift from lock-inamplifier without adding some device to the basic scanning holographic architecture.
Optical scanning holography configuration is shown in Fig. 1 . The one of interfered beam from beam splitter (BS2) is scanning the object by using 2D scanner and the other beam is used for reference for lock-in-amplifier. The scattered beam from object is collected by the area integrating photodetector. In this setup, the each photodetector is used Si detector with about 5kV/A Gain at 50ohm load, respectively. 
To reconstruct the hologram image in arbitrary distance, we can use the convolution method.
( ) ), we can obtain the depth information of object from the phase difference which is ` we can easily calculate the distance from 2D scanner to object. 
where c is the speed of light and Ω is modulation frequency difference between the each acousto-optic modulator. When modulation frequency Ω is determined, the non-ambiguity range is 
Results
The sin and cosine hologram are depicted in Fig. 1 . The each modulation frequency of the acousto-optic modulator was used at 40MHz and 44MHz, respectively. USAF 1951 positive was used as an object and scanning angle of 2D scanner was 0.40 degree. Beam diameter is 10mm, and data pixels is 128 by 128 points. For detection, we use Si-detectors for each reference and signal beam. In this holograms, we can observe the traces of the Fresnel time zone plate without speckle noise.
Figures 2(a) shows a variation of the distance according to the phase difference between the signal and the reference signal. While moving the object to about 50.0mm intervals, we measured the phase change of lock-in amplifier by using an oscilloscope. We showed the 2-dimensional contour map about distance apart from object in Fig. 2(a) . The blue region means the distance to the object, and the yellow refers to the portion of the transmitted region, respectively.
In this study, the distance to the object was 460.1mm in average. Also, with the distance from 2D scanner to an object and the angle of 2D scanner, we can calculate the width and height of the object by using triangulation method. According to this calculation, the measurement area is 10.4mm x 10.4mm. Based on above depth information, we carried out the reconstruction of this hologram image in Fig. 1 . Figure 2(b) shows a reconstruction image of the measured complex hologram in the focus areas. 
Conclusions
In this study, we propose an algorithm based on the phase shift measuring method for the reconstruction of the complex hologram obtained from the optical scanning holography. By applying this proposed algorithm, we can easily extract the distance to object without the complicate calculation. Also, this method can be possible for the real-time processing for reconstruction of holography by measuring the phase of a pixel.
